This study was conducted to investigate the clinicopathological features of synchronous cancers and treatment options according to their locations.
Introduction
Synchronous colorectal cancer refers to more than 1 primary colorectal cancer detected in a single patient simultaneously or within 6 months of the initial diagnosis. The reported incidence of synchronous colorectal cancers ranges from 2.3% to 12.4%. [1, 2] Diagnosis of the presence of synchronous colorectal cancers is important because, if overlooked, they can develop into advanced-stage metachronous cancer and usually require reoperation. A preoperative diagnosis of synchronous colorectal cancer is also important because it may influence the treatment options with regard to the type and extent of surgical resection. [3] Diagnosis of synchronous cancer has increased, primarily because of improvements in diagnostic modalities such as colonoscopy and computed tomography (CT) colonography. [4] However, there is much uncertainty about the most appropriate surgical treatment. Some authors have suggested that total or subtotal colectomy should be performed. [5, 6] Passman et al [7] recommended a more extensive resection for lesions in adjacent segments. Some authors have recommended multiple resections aimed at retaining the normal colon. [8, 9] Accordingly, there has been little agreement among surgeons regarding the appropriate surgical treatment for synchronous cancers located in separate segments.
There have been many studies on the clinicopathological features of synchronous cancer, and comparisons between synchronous and single cancers; however, few studies have investigated the treatment of synchronous cancer. The clinical implication of the present study lies in the investigation of the treatment options comparing patients who underwent 2 regional resections with those who underwent extensive resection. Accordingly, the aim of this study was to investigate the clinicopathological features of synchronous cancers and to evaluate surgical outcomes according to the extent of surgery by comparing 2 regional resections with extensive resection.
Material and methods
We retrospectively reviewed the medical records and prospectively managed colorectal cancer database of 8368 consecutive colorectal cancer patients who underwent surgery at Asan Medical Center between July 2003 and December 2010. Those with family history of familial adenomatous polyposis or hereditary nonpolyposis colorectal cancer were excluded from the study. Among the 8368 patients, 217 patients (2.6%) were identified with synchronous colorectal cancer. The present study protocol was approved by the Institutional Review Board of Asan Medical Center (registration number 2016-0996).
The Warren and Gates [10] criteria were used to define synchronous cancers. The criteria included the following key elements: each tumor must present a definite picture of malignancy; each had to be distinct; the probability of one being a metastasis of the other must be excluded; and the synchronous lesions must be diagnosed simultaneously or within 6 months of the initial diagnosis. Pathological diagnosis was based on the AJCC classification of malignant tumors, 7th edition. In cases of synchronous cancer, the lesion that was the most advanced pathologically was defined as the index lesion. When 2 or more lesions were in an identical pathological stage, the largest lesion was defined as the index lesion. Less-advanced lesions were considered to be concurrent lesions. Patients treated for intramucosal cancer were included, because colorectal cancer develops in the mucosa, even though it has no potential for lymph-node metastasis.
The diagnosis of synchronous cancer was based upon colonoscopy and CT. In cases of partial obstruction that prevented the passage of the colonoscope, CT colonography was performed. Our standard postoperative surveillance to detect metachronous colorectal cancer was to perform a 1st colonoscopic examination approximately 6 to 12 months after surgery; in patients who did not undergo a preoperative complete colonoscopy, the 1st examination was within 3 months of surgery. Thereafter, colonoscopy was performed 2 to 3 times a year. All polyps were removed during surveillance.
The patients' demographic data, the clinicopathological features, and locations of the synchronous cancers were reviewed. Synchronous cancers were compared with single cancers. Surgical treatments were reviewed with respect to the location of the treated cancers, and a comparison was made between 2 regional resections and extensive resection. Tumor locations were divided into 3 groups: the right colon, which included the appendix, cecum, ascending colon, hepatic flexure colon, and transverse colon; the left colon, which included the splenic flexure colon, descending colon, sigmoid colon, and rectosigmoid colon; and the rectum. "Standard resection" was defined as radical resection, "2 regional resections" as 2 radical resections with 2 anastomoses, and "extensive resection" as total colectomy, subtotal colectomy, or total proctocolectomy.
To compare surgical outcomes, we investigated functional outcome, incidence of metachronous cancer, and any complication that developed after surgery during the hospital stay. At a median of 94 months after the surgery, we surveyed each patient's daily number of bowel movements by telephone interview. The response rate was 65.1%, with 53 respondents (2 regional resections group: 63.2%, 12 respondents; and extensive resection group: 65.9% with 41 respondents).
Student t test and the chi-squared test were used to compare factors between groups. A P value of <0.05 was considered statistically significant, and SPSS software version 21 (IBM Inc., Armonk, NY) was used for the statistical calculations.
Results

Characteristics of synchronous cancers
Of the 8368 patients reviewed, 217 (2.6%) were identified as having developed synchronous colorectal cancer. Table 1 presents a comparison between the patients with synchronous cancer and those with a single cancer. The mean age at diagnosis was slightly higher for the synchronous cancers than for the single colorectal cancers (62.3 ± 10.4 vs 59.8 ± 11.1, P = 0.001), and synchronous colorectal cancer was more common in male patients (71.9% vs 61.2%, P = 0.001). In the patients with synchronous cancers, tumors were most frequently located in the left colon, whereas in patients with single-cancer tumors were most frequently located in the rectum (41.9% vs 44.1%, P < 0.001). Patients with synchronous colorectal cancer showed a more advanced stage than those with single cancer (P = 0.007). Patients with synchronous cancers had a higher proportion of microsatellite instability-high cancers than patients with single cancer (12.8% vs 6.6%, P = 0.001). Table 2 shows a comparison of concurrent and index lesions in the patients with synchronous cancer. The concurrent lesions were smaller than the index lesions, more of them were well differentiated, and the wall penetration was generally less deep. Concurrent lesions were most frequently in the left colon, whereas the index lesions were evenly distributed in the right colon, left colon, and rectum.
Distribution of synchronous cancers and surgical treatment
Several types of operation were performed according to the distribution. The cancers were more often located in multiple segments (69.6%) than in one segment (30.4%). When the cancers were located in 1 segment, the most frequent treatment approach (81.8%) was a regional resection that included local When the cancers were located in the right and left colon, the most common procedure was extensive resection (65.7%), and for cancers located in the right colon and rectum the most frequent treatment was 2 regional resections (63.6%) (Fig. 1A) . Surgical options according to the location of index and concurrent lesions for 180 patients who underwent surgical resections are shown in Fig. 1B . There was no difference in surgical options according to the location of index and concurrent lesions. Table 3 compares the patients who underwent 2 regional resections with those who received an extensive resection. Twenty-two patients underwent 2 regional resections with 2 anastomoses, and 79 patients underwent extensive resection. There were no statistically significant differences between these 2 groups in age, gender, hospital stay, median follow-up period, the incidence rate of metachronous colorectal cancer, and the rate of complications. Four of the patients who underwent 2 regional resections and 26 of the patients who underwent extensive resection did not receive preoperative colonoscopy or CT colonography because of obstruction; this did not differ significantly between the 2 groups (P = 0.181). Patients who underwent 2 regional resections experienced the following complications: ileus (2), stricture, pneumonia, and pulmonary thromboembolism. Patients who underwent extensive resection had more severe complications: ileus (9), leakage (2), intraabdominal fluid collection (not an abscess, 2), a wound problem, and superior mesenteric vein thrombosis with ischemia. Functional outcomes differed significantly between the 2 regional resections group and the extensive resection group. The mean number of bowel movements per day 94 months after surgery (median) was 1.9 and 4.3 in the 2 regional resections group and the extensive resection group, respectively (P < 0.001). In the extensive resection group, 1 patient developed metachronous cancer after subtotal colectomy and was treated with endoscopic resection.
Comparison between 2 regional resections and extensive resection
Discussion
The incidence of synchronous colorectal cancers in this study was 2.6%, which was similar to the report in other studies. [1, 2] When comparing between synchronous and single cancer, several studies have reported a predominance of male patients in synchronous cancer. [4, 11, 12] Indeed, in the present study we found more synchronous cancers in men than in women (2.56:1), whereas the ratio was 1.58:1 for single cancers. Synchronous cancers were more advanced pathologically than single cancers. This may be influenced by a downstaging effect of preoperative chemoradiotherapy for rectal cancer (the rate of preoperative chemoradiotherapy: 7.4% in synchronous cancer and 12.9% in single cancer). Most studies have reported that the most frequent location for synchronous cancers is the right colon. [7, 8, 13] However, we found synchronous cancers located predominantly in the left colon (41.8%); this finding was also reported by some authors. [12, 14] With regard to the distribution, some studies have reported that the majority of patients had lesions distributed in different segments of the colon. [7] We also found more cases of synchronous cancers distributed in different segments (68.2%). In contrast, others have reported that most patients had lesions in the same segment. [4, 11] When synchronous cancers are distributed in different segments or preoperative inspection is insufficient because of occlusive distal cancer, the treatment strategy becomes more complicated. In this situation, surgeons must take into consideration factors such as the patients' age, comorbidity, functional outcome, multiple anastomoses, and postoperative complications. When synchronous cancers were distributed in the right and left colon, extensive resection was often performed, but it was more common for 2 regional resections to be performed when distributed in the right colon and rectum. It might be of concern to most surgeons that postoperative functional outcomes after total proctocolectomy would be poor. For synchronous cancers, preoperative detection is important. In our study, 4 patients who received 2 regional resections and 26 patients who received extensive resection did not undergo preoperative colonoscopy because of an obstruction. However, this did not differ significantly between the 2 groups (P = 0.181), indicating that insufficient preoperative inspection may not influence the surgical options.
With regard to the extent of the resection, controversies remain about synchronous cancers in multiple segments. Some authors have suggested that total or subtotal colectomy should be performed. [5, 6, 15, 16] This is because if synchronous lesions are overlooked at the time of surgery the patient may have to undergo repeated surgeries for metachronous cancer. [12] In addition, Muto et al [17] argued that colectomized patients with ileorectal anastomosis develop near-normal bowel habits, and their mortality rate is comparable to those who have had a conventional hemicolectomy. Some authors have suggested the utility of extensive procedures such as proctocolectomy with ileal pouch-anal anastomosis. [18] Conversely, some other authors have suggested multiple resections with the aim of retaining the normal colon. [8, 9, 19] The reasons for such an approach are that Lee et al. Medicine (2017) 96:9 www.md-journal.com the treatment of 2 regional resections does not appear to be associated with an increased risk of complication and extensive colectomy may increase bowel movement. Our study results showed that there were no differences in complication rate and hospital stay between the 2 regional resection groups and the extensive resection group. The complications were even milder in the 2 regional resection groups.
There was a significant difference in bowel movements in the regards to functional outcome between the 2 groups. Several studies have investigated the functional outcome after various bowel resections by questionnaires, telephone interview, and outpatient records. The response rate in these studies was 50% to 71%. [20] [21] [22] The response rate in our study was 65.1% with 53 respondents. Functional outcome after total colectomy and total proctocolectomy has been reported and was better after total colectomy. [23] [24] [25] In comparison with total and subtotal colectomy, subtotal colectomy was better in functional outcome and preservation of part of the sigmoid colon was beneficial regarding frequency of defecation. [20, 22] In these studies, bowel movements after total or subtotal colectomy were reported to be 3.6 ± 2.4 [20] and 4 to 5 [22] per day, respectively. Some authors reported a decrease of bowel movement after total colectomy as 3 and 2.9 per day, respectively. [26, 27] These different bowel movements may reflect differences in bowel adaptation. In our study, patients who underwent extensive resection showed decreased bowel movements in adaptation over time, but even after a period of 94 months (median), they had a significantly greater number of bowel movements than the patients who underwent 2 regional resections (P < 0.001). Preservation of normal colon may be beneficial in terms of bowel movement. Another factor to affect bowel movements is the resection of rectum. In our study, among 22 patients who underwent 2 regional resections, 16 patients (73%) received low anterior resection. Among 79 patients who underwent extensive resection, 55 patients (70%) preserved their rectum. In this regard, preservation of rectum does not seem to greatly affect the bowel movements. Extensive resection is recommended as a safe treatment option to prevent metachronous cancer. [28] However, the incidence of metachronous cancer has been reported to be 0.5% to 3.6%. [29, 30] A total of 0.7% of colorectal cancer patients in a previous study by our center and 0.9% in this study developed metachronous cancer. [31] This indicates that the incidence is too low to perform prophylactic surgery. The incidence of benign polyps ranges from 12% to 62% in patients with single cancer and from 40% to 75% in patients with multiple cancers. [13, 32] It is believed that the entire colorectal mucosa is unstable and that there is a high possibility of malignant change in patients with multiple primaries. [32] However, it takes several years for an adenoma to develop into a carcinoma, [17] and colonoscopic resection is possible during the follow-up period before this development takes place. During the follow-up period, the rate of occurrence of metachronous cancer did not differ between the patients who underwent 2 regional resections and those who received extensive resection. In this regard, if proper surveillance colonoscopy is performed, 2 regional resections, the procedure that retains the most normal colon in order to decrease stool frequency, could be considered as the optimal surgical option.
The present study had some limitations. First, it was retrospective and there may have been bias in the selection of patients, which is clinically unavoidable. Second, the number of patients who underwent 2 regional resections was small, leaving the results less persuasive. Despite these limitations, our study was met an important need in that there have been few studies on the treatment of synchronous cancer to date. Accordingly, we compared perioperative outcome, occurrence of metachronous cancer, and functional outcomes between the 2 regional resections and extensive resection treatments.
Conclusion
We have shown that synchronous cancer occurred in 2.6% of patients with colorectal cancer. Synchronous cancer was more common in male and older patients and located on left colon, and showed more advanced stage than single cancers.
Synchronous colorectal cancer requires different treatment strategy from those for single colorectal cancer. Different treatment options were chosen according to the locations of the synchronous cancers. Our comparison between the 2 regional resections and extensive resection approaches suggests that 2 regional resections is preferable. Table 3 Comparison between 2 regional resections and extensive resection for synchronous colorectal cancer. 
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